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(54) Apparatus and process for heat treating metallic material 



(57) A processing apparatus (100) forms a metallic 
material such as steel (1). The apparatus includes a 
heating tub (2), spray nozzles (5), a cooling tub (3), and 
a circulator (20). The heating tub (2) heats the steel (1) 
to equal to or higher than the modification point of the 
steel. The spray nozzles (5) cool the steel processed by 
the heating tub (2) to lower than the modification point, 
by contacting liquid metal sodium (4) onto the steel (1 ). 
The cooling tub (3) stores the liquid metal sodium (4), 
soaks the steel processed by the spray nozzles (5), and 
cools the steel (1 ). The circulator (20) circulates the liq- 
uid metal sodium (4) so that the liquid metal sodium (4) 
flows in the same direction as the steel (1 ) in the cooling 
tub (3). 



Fig. 2 
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Description 

BACKGROUND 

1 . Field of the Invention 

[0001] The present invention relates to a processing 
apparatus for forming a metallic material, and more par- 
ticularly to a processing apparatus capable of improving 
characteristics of the metal. 

2. Description of the Related Art 

[0002] Metallic materials characteristics change de- 
pending on the metal formation process, and compo- 
nent adjusting process is applied as well as heating, 
cooling, and rolling processes to control those charac- 
teristics. 

[0003] In the case of heating and cooling, crystal, par- 
ticle diameter of crystal, component distribution of crys- 
tal and the like, that depend on characteristics of steel 
and wires, can be changed by controlling heating pat- 
terns and cooling patterns. Among them, considering 
temperature of cooling patterns when it crosses modifi- 
cation point of metallic material is more important. Fur- 
ther, increasing the cooling speed decrease the crystal 
particle size and structure of metallic materials, and 
thereby improves strength and toughness of metallic 
materials. 

[0004] It is also known that increasing the cooling 
speed decrease the crystal particle size, and structure 
of metallic materials, when molten metals solidify. Es- 
pecially, rapid cooling forms amorphous metals. Conse- 
quently, selecting a cooling process and a coolant for 
each purpose is important to obtain materials having the 
required characteristics. 

[0005] As for coolants, gases, vapor, mist, cold water, 
distilled water, molten salt, lead, tin, and the like are usu- 
ally used in order to spray, like a jet, directly onto metallic 
materials or to store into a container to soak metallic 
materials. 

[0006] Other cooling methods are also proposed such 
that metallic materials are contacted on a metallic cool- 
ant roller, and the metallic materials are soaked in liquid 
metal sodium. 

[0007] To explain specifically about the heating/cool- 
ing process employing liquid metal sodium as a coolant, 
it is used in a continuous annealing apparatus for the 
purpose of cooling steel. Therefore, the primary purpose 
of employing the liquid metal sodium in this annealing 
apparatus is to exchange heat or to save energy. In this 
case, the liquid metal sodium is cooled when the steel 
is in a heating process, and the liquid metal sodium is 
heated when the steel is in a cooling process, known as 
counter-flow type heat exchanger. This steel and the liq- 
uid metal sodium move in opposite direction. As is ob- 
vious from the temperature transition pattern illustrated 
in Fig. 1, the conventional process aiming heat ex- 



change cannot produce a large temperature difference 
(AT) between the temperature of steel and the temper- 
ature of liquid metal sodium. Thereby, there is a certain 
limit on cooling speed to form metallic material having 
s required characteristic. Liquid metal sodium is difficult 
to work with. For example, it explodes on contact with 
water. Therefore, the use of liquid metal sodium has 
been reserved for critical applications such as in nuclear 
power plants. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made in view 
of the above-mentioned circumstances and is intended 
to solve the above-mentioned problems. In particular, 
one purpose of the present invention is to provide a 
processing apparatus for forming a metallic material ca- 
pable of providing a metallic material having minute 
crystal particles and structure. Another purpose of the 
present invention is to provide a processing apparatus 
for a metallic material capable of forming amorphous 
metals from metallic materials. 

[0009] Additional purposes and advantages of the in- 
vention will be apparent to persons skilled in this field 
from the following description, or may be learned by 
practice of the invention. 

[0010] The present invention provides a processing 
apparatus for forming a metallic material, including: a 
metallic material heater that heats the metallic material 
to equal to or higher than the modification point thereof; 
and a liquid metal sodium supplier that cools the metallic 
material processed by the metallic material heater to 
lower than the modification point, by contacting a liquid 
metal sodium onto the metallic material, wherein the liq- 
uid metal sodium flows in the same direction as the me- 
tallic material. 

[0011] In accordance with one aspect of the present 
invention, the apparatus may further include a cooling 
tub that stores the liquid metal sodium and soaks the 
metallic material processed by the liquid metal sodium 
supplier therein so as to cool the metallic material, and 
a liquid metal sodium circulator that circulates the liquid 
metal sodium in the cooling tub. In this case, the appa- 
ratus may further include an inert gas spray that sprays 
inert gas onto the metallic material processed by the 
cooling tub to remove liquid metal sodium on the metallic 
material. 

[0012] The liquid metal sodium may be isolated in a 
space filled with an inert gas. The cooling tub may be 
constituted so that the liquid metal sodium supplied from 
the liquid metal sodium supplier collects in the cooling 
tub. 

[0013] The liquid metal sodium circulator may further 
include an inhalant tube that inhales the liquid metal so- 
dium from a portion adjacent to where the metallic ma- 
teria! is pulled out from the cooling tub, an impurity re- 
mover that removes impurities from the liquid metal so- 
dium inhaled by the inhalant tube, a liquid metal sodium 
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cooler that cools the liquid metal sodium from which the 
impurities are removed, and an exhaust tube that re- 
turns a cooled liquid metal sodium to the liquid metal 
sodium supplier. 

[0014] The metallic material heater may include a 
heating tub that soaks the metallic materials so as to 
heat the metallic material. 

[0015] The metallic material heater may include a 
melting pot that stores the metallic material in liquid con- 
dition. The molten metallic material flows onto a cooling 
roller that can be rotated, and the liquid metal sodium 
supplier supplies the liquid metal sodium to the molten 
metallic material on the cooling roller. In this case, the 
metallic material thus processed may be an amorphous 
metal. 

[0016] The apparatus may include a roller, upstream 
of the metallic material heater or downstream of the liq- 
uid metal sodium supplier, for rolling the metallic mate- 
rial. 

[0017] The present invention further provides a meth- 
od for processing a metallic material, including the steps 
of: heating a metallic material to equal to or higher than 
the modification point thereof; and cooling the heated 
metallic material to lower than the modification point, by 
contacting a liquid metal sodium onto the metallic ma- 
terial, wherein the liquid metal sodium flows in the same 
direction as the metallic material. 
[001 8] Further purposes, features and advantages of 
the invention will become apparent from the detailed de- 
scription of preferred embodiments that allows, when 
considered together with the accompanying figures of 
drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] The accompanying drawings, which are incor- 
porated in and constitute a part of this specification, il- 
lustrate several preferred embodiments of the invention 
and, together with the description, serve to explain the 
principles of the invention. 

[0020] Fig. 1 is a graph showing the temperature tran- 
sition of a steel plate and liquid metal sodium in a con- 
ventional continuous annealing machine, when liquid 
metal sodium heats and cools the steel plate. 
[0021] Fig. 2 is a perspective view showing a process- 
ing apparatus for a metallic material according to a first 
embodiment of the present invention. 
[0022] Fig. 3 is a graph showing the surface temper- 
ature transition of a steel plate when liquid metal sodium 
or water is sprayed on the steel plate at 800 °C. 
[0023] Fig. 4 is a graph showing temperature transi- 
tions of two liquids in different temperatures regarding 
two heat exchange types: a parallel-flow type in which 
the two liquids flow in the same direction, and a counter- 
flow type in which the two liquids flow in the opposite 
directions. 

[0024] Fig. 5 is a diagram showing a processing ap- 
paratus for a metallic material according to a second 



embodiment of the present invention. 
[0025] Fig. 6 is a diagram showing a processing ap- 
paratus for a metallic material according to a third em- 
bodiment of the present invention. 
s [0026] Fig. 7 is a diagram showing a processing ap- 
paratus for a metallic material according to a fourth em- 
bodiment of the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0027] Preferred embodiments of a processing appa- 
ratus for a metallic material of the present invention will 
now be specifically described in more detail with refer- 
ence to the accompanying drawings. Wherever possi- 
ble, the same reference numbers will be used through- 
out the drawings to refer to the same or like parts. 

(First Embodiment) 

[0028] In a First embodiment, a plate-like metallic ma- 
terial is used to explain as an example. However, a bar- 
like metallic material, a wire-like metallic material, and 
the like can also be employed to this embodiment. 
[0029] A processing apparatus for metallic materials 
according to the first embodiment executes a heating 
process and a cooling process for a continuously sup- 
plied metallic material. As shown in Fig. 2, the process- 
ing apparatus 1 00 includes a heating tub 2 as a metallic 
material heater. This heating tub 2 can heat steel 1, 
which is one example of the metallic materials, to or 
above its modification point. That is, the heating tub 2 
can heat the steel 1 to a temperature more than 700 °C. 
[0030] The processing apparatus 100 also includes 
spray nozzles 5 as a sodium supplier and a cooling tub 
3. The spray nozzles 5 can spray liquid metal sodium 
onto the steel 1 heated by the heating tub 2, thereby 
cooling the steel 1 rapidly. The cooling tub 3 holds the 
liquid metal sodium 4, and the steel 1 cooled rapidly by 
the spray nozzles 5 is further cooled while moving under 
the liquid metal sodium 4 in the cooling tub 3. 
[0031] Gas spray nozzles 12, as an inert gas spray 
device, are disposed so as to remove liquid metal sodi- 
um on the steel 1 pulled out from the cooling tub 3, by 
spraying inert gas onto the steel 1 . An inert gas supply 
tube 13 is connected to the gas spray nozzles 12. 
[0032] A liquid metal sodium circulator 20 circulates 
liquid metal sodium 4 in the cooling tub 3. This circulator 
20 is controlled so that the liquid metal sodium 4 in the 
cooling tub 3 flows in the same direction as the steel 1 
moves. 

[0033] More specifically, the circulator 20 is equipped 
with an inhalant tube 7, a liquid metal sodium cooler 8, 
an impurity remover 9, an exhaust tube 6, and a circu- 
lation pump 10. The inhalant tube 7 inhales the liquid 
metal sodium 4 from the portion adjacent to where the 
steel 1 is pulled out from the cooling tub 3. The liquid 
metal sodium cooler 8 cools the liquid metal sodium 4 
inhaled from the inhalant tube 7. The impurity remover 



15 



20 



25 



30 



35 



40 



45 



SO 



JSDOCID: <EP 1057897A2_L> 



3 



5 

9 removes impurities from the liquid metal sodium 4. The 
exhaust tube 6 returns the liquid metal sodium 4, which 
was cooled and impurity-removed, to the spray nozzles 
5. The circulation pump 10 circulates the liquid metal 
sodium 4 from the inhalant tube 7 to the exhaust tube 6. 
[0034] Above the liquid metal sodium 4 in the cooling 
tub 3, there is a space 11 filled with an inert gas such as 
nitrogen, argon, and the like. The space 11 is isolated 
from atmosphere by a lid (not shown), however, the lid 
has an entrance and an exit which allow only the steel 
1 to pass through. 

[0035] Hereinafter, a method of providing the steel 1 
having minute structure, by employing a heating and a 
cooling processes, will be explained. 
[0036] First, the steel 1 is heated in the heating tub 2 
up to a predetermined temperature higher than 700 °C. 
Afterwards, the steel 1 is soaked into the cooling tub 3, 
and the cooled liquid metal sodium 4 from the spray noz- 
zles 5 is sprayed onto the steel 1 so that the steel 1 is 
cooled. 

[0037] Here, the liquid metal sodium 4 is in liquid 
phase whose temperature is in the range of 98° C to 
886°C. Therefore, a vapor film of the liquid metal sodium 

4 is not formed on the steel 1, even though the liquid 
metal sodium 4 contacts the steel 1 which is over 700°C. 
Thereby, heat conductivity thereof can be maintained 
properly. 

[0038] The temperature of the liquid metal sodium 4 
cooled by the liquid metal sodium cooler 8 takes the low- 
est value, and the temperature of the steel 1 heated by 
the heating tub 2 takes the highest value. Therefore, the 
difference of temperature between the steel 1 and the 
liquid metal sodium 4 at the position of the spray nozzles 

5 obtains the maximum value. 

[0039] As is explained above, by spraying the liquid 
metal sodium 4 onto the steel 1 , a large cooling speed 
such as more than 10,000°C per second can be 
achieved thereby cooling rapidly to less than 300°C. 
[0040] Fig. 3 is a graph showing surface temperature 
transition of the steel 1 , when liquid metal sodium 4 or 
water is sprayed on the steel 1 at 800 °C. Here, a solid 
line in the figure represents the case using the liquid 
metal sodium as a coolant (present invention), and the 
dotted line represents the case using water as a coolant 
(conventional method). As is obvious from Fig. 3, a re- 
markable difference in cooling speed in the range of 
600°C to 800°C can be recognized. 
[0041] In the present invention, the liquid metal sodi- 
um 4 in the cooling tub 3 flows in the same direction as 
the steel 1 moves. This allows the temperature transi- 
tions of the steel 1 and the liquid metal sodium 4 to follow 
the solid line in Fig. 4; that is, a parallel-flow heat ex- 
change pattern. This pattern makes it possible to obtain 
a larger temperature difference (A T1 ) than the temper- 
ature difference (AT2) of a counter-flow type heat ex- 
change pattern. 

[0042] Hence, the steel 1 having a temperature equal 
to or higher than the modification point, for example, 



6 

higher than 700°C, can be rapidly cooled down to a tem- 
perature lower than the modification point. Therefore, 
the structure of the steel 1 can be minute. Specifically, 
the steel 1 having crystal particles whose diameters are 
5 changed between 1 micrometer to 10 micrometers is 
achieved. 

[0043] Inert gas is sprayed onto the steel 1 at the po- 
sition where the steel 1 is pulled out from the liquid metal 
sodium 4 and is in the space 11 filled with an inert gas. 

10 The liquid metal sodium 4 on the steel 1 is removed and 
then the steel 1 is moved to an atmosphere. According 
to this process, the liquid metal sodium 4 is not trans- 
ferred from the cooling tub 3 to an atmosphere and 
thereby avoids combustion. 

75 [0044] As is explained above, the liquid metal sodium 
4, which is supplied by the spray nozzles 5 and stored 
in the cooling tub 3, flows in the same direction as the 
steel 1 moves and is collected by the inhalant tube 7 
apart from the spray nozzles 5. Because the tempera- 

20 ture of the liquid metal sodium 4 becomes higher due to 
heat exchange with the steel 1 , the liquid metal sodium 
4 is cooled by the liquid metal sodium cooler 8. After 
removing impurities such as oxide, hydroxide, carbide, 
and the like, by the impurity remover 9, and pressurizing 

zs by the circulating pump 1 0, the liquid metal sodium 4 is 
supplied to the cooling tub 3 from the exhaust tube 6. 
[0045] Note that a fat arrow in Fig. 2 represents the 
movement direction of the steel 1 , and a thin arrow rep- 
resents the flow direction of the liquid metal sodium. 

30 [0046] In the present invention, the steel 1, that is 
heated to equal to or higher than modification point 
thereof, is then cooled down to less than modification 
point in a moment by the sprayed liquid metal sodium 
4. Therefore, the structure of the steel 1 can be minute 

35 and thereby improving strength and toughness of the 
steel 1 . In the conventional method, a steel having a di- 
ameter of 10 micrometer to 100 micrometer was ob- 
tained, however, in the present invention, a steel having 
1 micrometer to 10 micrometer diameter can be 

40 achieved. 

[0047] The liquid metal sodium 4 is made of sodium, 
therefore, the liquid metal sodium 4 can be obtained 
easily. The waste thereof can be treated as drainage by 
using hydrochloric acid as neutralizing agent, thereby 

45 avoiding environmental pollution. The liquid metal sodi- 
um 4 has activated characteristic and combines with im- 
purities such as oxygen, hydrogen, carbon, and the like. 
Therefore, scales, which are usually made by oxide etc. , 
are not generated even if the liquid metal sodium 4 con- 
so tacts the steel 1 . This makes it possible to omit a scale 
remover, which was usually necessary for this kind of 
apparatus, and to improve economical advantages. Any 
chemicals for the scale remover can also be avoided; 
therefore, environmental pollution can be prevented 

55 similarly in this point of view. 

[0048] According to the first embodiment of the 
present invention, the liquid metal sodium 4 in the cool- 
ing tub 3 flows in the same direction as the steel 1 
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moves. This means that the temperature transition for 
the steel 1 and the liquid metal sodium 4 are identical to 
the parallel-flow heat exchange type. In this type, the 
temperature difference (AT1) can take larger values 
than the temperature difference (AT2), thereby achiev- 
ing the steel 1 having minute structure. 

(Second Embodiment) 

[0049] A processing apparatus for metallic materials 
according to a second embodiment is explained by re- 
ferring to Fig. 5. In this embodiment, a wire-like metallic 
material is used to explain as an example, however, a 
plate-like metallic material, a bar-like metallic material, 
and the like can also be employed in this embodiment. 
[0050] As shown in Fig. 5, the process apparatus 200 
according to the second embodiment includes two tubs, 
that is, a heating tub 112, as a metallic material heating 
device, and the cooling tub 3. Similar to the previous 
embodiment, the cooling tub 3 holds liquid metal sodium 
4 for cooling purpose, and the liquid metal sodium 4 
flows, by the liquid metal sodium circulator 20, in the 
same direction as a wire 101 moves in the cooling tub 3. 
[0051] The circulator 20 is equipped with the liquid 
metal sodium cooler 8, the impurity remover 9, and the 
circulation pump 10. The liquid metal sodium 4 that has 
minimum temperature cooled by the cooler 8 is sprayed 
on the wire 101 by the spray nozzles 5. 
[0052] The cooling tub 3 has a U-shaped section, and 
seal rollers 103 are disposed in each end of the cooling 
tub 3 where the wire 101 enters into or exits from. On 
the seal roller 103 on the exit side of the cooling tub 3, 
there is provided an exit space 106 filled with an inert 
gas. The gas spray nozzles 12 are disposed in the exit 
space 106. The exit space 106 is isolated from atmos- 
phere by another seal roller 1 1 0, and the condition in the 
exit space 106 is controlled by an inert gas. 
[0053] In the lower stream of the exit space 106, a 
washing tub 1 07 and a winding device 1 08 are arranged. 
The washing tub 107 holds water or a neutralization 
washing agent. The winding device 108 winds up the 
wire 101 which is processed. 

[0054] The heating tub 112 according to the second 
embodiment holds liquid metal sodium 113 for heating 
purpose, which has temperature equal to or higher than 
the modification point of the wire 101 . The liquid metal 
sodium 1 1 3 in the heating tub 1 1 2 is circulated and heat- 
ed by a liquid metal sodium circulator 111 . 
[0055] The circulator 111 includes a liquid metal sodi- 
um heater 109, the impurity remover 9, and the circulat- 
ing pump 10. The liquid metal sodium heater 109 heats 
the liquid metal sodium 113 which is exhaust near the 
portion where the wire 101 is pulled out. The impurity 
remover 9 removes impurities from the liquid metal so- 
dium 113. The circulation pump 10 circulates the liquid 
metal sodium 113, which was heated and impurity-re- 
moved, to the entrance side of the heating tub 112.. 
[0056] The heating tub 112 has a U-shaped section, 



and seal rollers 103 are disposed in each end of the 
heating tub 112 where the wire 101 enters into or exits 
from. On the seal roller 103 on the exit side of the heating 
tub 112, there is provided an entrance space 104 filled 
s with an inert gas. The entrance space 104 is isolated 
from atmosphere by another seal roller 110, and the 
condition in the entrance space 104 is controlled by an 
inert gas. 

[0057] In the upper stream of the seal roller 101 , which 
10 is located next to the entrance space 104, a spindle de- 
vice 102 stores the wire 101 which is unprocessed. 
[0058] Moreover, a thermal insulating tub 105 is dis- 
posed between the heating tub 112 and the cooling tub 
3. This thermal insulating tub 105 is connected to the 
is exit of the heating tub 1 1 2 and the entrance of the cool- 
ing tub 3 by the seal rollers 103 in between. The inside 
of the thermal insulating tub 105 is insulated from at- 
mosphere and is controlled by an inert gas. Thereby, 
temperature of the inert gas can be controlled in order 
20 to keep the temperature of the wire 101 through the ther- 
mal insulating tub 105 constant. 

[0059] Hereinafter, a method of miniaturizing the 
structure of the wire, which is done by heating and cool- 
ing, by using the processing apparatus of the second 

2S embodiment, will be explained. 

[0060] First, the wire 101 supplied by the spindle de- 
vice 102 is guided to the heating tub 112 through the 
entrance space 104. The wire 101 contacts the liquid 
metal sodium 113 directly and is heated up to a certain 

30 temperature by a way of heat exchanging. The wire 101 
is then guided to the thermal insulating tub 105, and the 
temperature thereof is kept constant in a predetermined 
period. 

[0061] Afterwards, the wire 101 enters the cooling tub 

35 3 and is cooled down rapidly by the liquid metal sodium 
4 sprayed from the spray nozzles 5. Here, the liquid met- 
al sodium 4 sprayed has the lowest temperature in the 
circulation. The wire 1 01 is then soaked in the liquid met- 
al sodium 4 in the cooling tub 3 and the temperature 

40 thereof is kept constant for a predetermined period. 
[0062] The wire 101 processed by the cooling tub 3 is 
guided into the exit space 106, and any liquid metal so- 
dium on the wire 101 is removed by the inert gas 
sprayed from the spray nozzles 1 2. The wire 1 01 passed 

45 through the exit space 1 06 is then guided to the washing 
tub 107. Desiccating process are made after the wash- 
ing process in the washing tub 107, and finally, the wire 
101 is wound in the winding device 108. 
[0063] Heat exchange is made between the liquid 

50 metal sodium 112 in the heating tub 113 and the wire 
101. The liquid metal sodium 113 cooled by this heat 
exchange process is removed from the heating tub 112, 
and guided to the impurity remover 9, the circulating 
pump 10, and the liquid metal sodium heater 112. The 

55 liquid metal sodium 113 in the heater 112 is heated up 
to a certain temperature and supplied to the heating tub 
112 continuously. On the other hand : the liquid metal 
sodium 4 in the cooling tub 3 deprives the wire 101 of 
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heat and is removed from the cooling tub 3. The liquid 
metal sodium 3 is then guided to the liquid metal sodium 
cooler 8. impurity remover 9, and the circulating pump 
1 0, and is returned to the cooling tub 3 again. The liquid 
metal sodium 3 is also used continuously. 
[0064] In this embodiment the entrance space 104 is 
arranged on the cntrnncc side of the heating tub 1 1 2 so 
that the liquid metal sodium 1 1 3 coes not ; for safety rea- 
sons : to contact the atmosphere Accordingly, even if 
the liquid metal sodium 113 or the vapor thereof leaks 
from the heating tub 112. it is collected salely in the en- 
trance space 104 

[0065] Liquid metrtl sodium 4 can cling to the wire 1 01 
when it is guided from tnc exi: of the heating tub 112 to 
the entrance of the coo mc tut 3 However the thermal 
insulating tub 105 when insulate atmosphere and is 
controlled by inert gas is rvr.wj.Ki n the oiace There- 
by, the wire 101 can be cjuo-o cc s«»tov without em- 
ploying any spray no// co 

[0066] According to ihc secunc cnb-jUrnonl, the 
same effect derived by the U:*- e nO-xJt ne it can be 
achieved. Furthermore in the second cmbociment, the 
wire 1 01 is heated by the I qu d mcti! sod um 1 1 3 used 
for heating purpose in the hc.itmg tub 1 1 2 This enables 
total heating devices to be om iiicr ir si/c In the second 
embodiment, any scale such oxido on the wire 101 
can be avoided in the heating process thereby omitting 
a scale remover which was usually necessary for this 
kind of apparatus. Further the liquid metal sodium 113 
enables the wire 101 to heat in short time, thereby im- 
proving productivity of such wire 101 . 

(Third Embodiment) 

[0067] A processing apparatus for metallic materials 
according to a third embodiment is explained by refer- 
ring to Fig. 6. 

[0068] A processing apparatus 300 according to the 
third embodiment is constituted so that a metallic mate- 
rial such as a steel 204 is processed by a way of hot 
rolling and/or cold rolling while the steel 204 moves. As 
shown in Fig. 6, in the upper stream of movement of the 
steel 204, there are arranged upstream rollers 202a and 
support rollers 201a. In the lower stream of movement 
of the steel 204, there are arranged downstream rollers 
202b and support rollers 201 b 

[0069] Further, the processing apparatus 300 in- 
cludes the spray nozzles 5 and the gas spray nozzles 
12. The spray nozzles 5, which are disposed between 
the upstream rollers 202a and the downstream rollers 
202b, can spray liquid metal sodium onto the steel 204, 
thereby cooling the steel 204 rapidly. The gas spray noz- 
zles 1 2 can remove the liquid metal sodium 4 for cooting 
purpose on the steel 204 by spraying inert gas thereon. 
The inert gas supply tube 1 3 is connected to the gas 
spray nozzles 12. 

[0070] Both the spray nozzles 5 and the gas spray 
nozzles 1 2 are insulated from atmosphere by a cooling 



chamber 206 having a lid 205. On both sides of the cool- 
ing chamber 206 in which the steel 204 is guided, there 
are disposed seal rollers 203a and 203b, respectively. 
[0071] The liquid metal sodium circulator 20 in the 

5 processing apparatus 300 is equipped with the liquid 
metal sodium cooler 8, the impurity remover 9, and the 
circulation pump 10. The circulator 20 recovers the liq- 
uid metal sodium 4 collected in the lower part of the cool- 
ing chamber 206, and returns the liquid metal sodium 4, 

10 which was cooled and impurity-removed, to the spray 
nozzles 5. 

[0072] Hereinafter, a method of providing the steel 
204 having minute structure by employing heating and 
cooling processes, will be explained. 

*5 [0073] First, the steel 204 is guided into hot atmos- 
phere such as a hot strip mill in order to be rolled to a 
predetermined thickness by the upstream rollers 202a. 
The steel 204 is then guided to the space 11 in the cool- 
ing chamber 206 through the seal roller 203a, and. is 

20 cooled rapidly by the liquid metal sodium 4 sprayed from 
the spray nozzles 5. 

[0074] The inert gas is sprayed onto both sides of the 
steel 204 from the gas spray nozzles 12 so that any liq- 
uid metal sodium 4 on the steel 204 is removed. The 

25 steel 204 is guided out from the space 11 through the 
seal rollers 203b and, as occasion demands, is rolled 
by the rollers 202b and is wound. 
[0075] The liquid metal sodium 4 sprayed from the 
spray nozzles 5 is collected either in the lower part of 

30 the cooling chamber 206 or in a dump tank (not shown) 
connected to the cooling chamber 206 by a drain tube 
(not shown). The collected liquid metal sodium 4 is then 
cooled by the liquid metal sodium cooler 8, and impuri- 
ties such as oxide, hydroxide, carbide, and the like are 

35 removed by the impurity remover 9. Finally, the liquid 
metal sodium 4 is pressurizing by the circulating pump 
10 and supplied to the spray nozzles 5. 
[0076] According to the third embodiment, the same 
effect derived by the first and the second embodiments 

40 can be achieved. Furthermore, because the steel 204 
is rolled by the rollers 202a and/or 202b just before and/ 
or after being cooled rapidly, crystal particles and struc- 
ture of the steel 204 can be minute physically Moreover, 
by applying strain energy to the steel 204, a number of 

45 crystal nuclei can be increased, thereby providing the 
steel 204 having minuter crystal particles and structure. 

(Fourth Embodiment) 

so [0077] A processing apparatus for metallic materials 
according to a fourth embodiment is explained by refer- 
ring to Fig. 7. 

[0078] The processing apparatus 400 in the fourth 
embodiment is preferable to manufacturing amorphous 
55 metal. As shown in Fig. 7, the apparatus 400 includes 
a melting pot 301 and a cooling roller 304. The melting 
pot 301 stores molten metallic material 302, and the me- 
tallic material 302 flows out through an exit nozzle 303 



50 



55 



6 



JSDOCID: <EP 1057897A2J_> 



11 



EP 1 057 897 A2 



12 



on the melting pot 301 to the surface of the cooling roller 
304. The cooling roller 304 is capable of rotating, and is 
soaked in the liquid metal sodium 4 in the cooling tub 3 
except the upper tip portion thereof. Note that the melt- 
ing pot 301 is constituted as a part of the metallic mate- 
rial heater which is not shown in Fig. 7. 
[0079] The processing apparatus 400 includes first 
spray nozzles 5a and second spray nozzles 5b. The first 
spray nozzles 5a can spray the liquid metal sodium 4 
directly onto one surface of the metallic material 305 be- 
ing solidified on the cooling roller 304, thereby cooling 
the metallic material 305 rapidly. The second spray noz- 
zles 5b can spray the liquid metal sodium 4 directly onto 
the cooling roller 304 and another surface of the metallic 
material 305 being solidified on the cooling roller 304, 
thereby cooling the metallic material 305 rapidly. 
[0080] The liquid metal sodium circulator 20 : which 
circulates the liquid metal sodium 4 in the cooling tub 3, 
is equipped with the inhalant tube 7, the liquid metal so- 
dium cooler 8, the impurity remover 9, the exhalant tube 

6 and, the circulation pump 10. The inhalant tube 7 in- 
hales the liquid metal sodium 4 from the cooling tub 3. 
The liquid metal sodium cooler 8 cools the liquid metal 
sodium 4 inhaled from the inhalant tube 7. The impurity 
remover 9 removes impurities from the liquid metal so- 
dium 4. The exhaust tube 6 returns the liquid metal so- 
dium 4, which was cooled and impurity-removed, to the 
spray nozzles 5a and 5b. The circulation pump 10 cir- 
culates the liquid metal sodium 4 from the inhalant tube 

7 to the exhaust tube 6 

[0081] Above the liquid metal sodium 4 in the cooling 
tub 3, the space 11 is filled with an inert gas such as 
nitrogen, argon, and the like. The space 11 is isolated 
from atmosphere by a lid (not shown); however, the lid 
has an entrance and an exit which allow only the metallic 
material 302 and 305 to pass through. 
[0082] Hereinafter, a process for forming amorphous 
metallic materials continuously by the processing appa- 
ratus 400 according to the fourth embodiment will be ex- 
plained. In the present invention, it makes possible to 
obtain a cooling velocity higher than about 10,000 °C/s. 
However, in order to obtain amorphous metal, it requires 
faster cooling velocity such as 1 00,000 to 1 ,000,000 °C/ 
s, and the present invention enable to realize the cooling 
velocity. 

[0083] The metallic material 302, which is molten in 
the melting pot 301 , flows out through an exit nozzle 303 
to the surface of the cooling roller 304. The metallic ma- 
terial 302 is cooled rapidly as soon as it contacts the 
cooling roller 304 and the liquid metal sodium 4 sprayed 
from the spray nozzles 5a and 5b. The metallic material 
302 is soaked into the liquid metal sodium 4 in the cool- 
ing tub 3 as the cooling roller 304 rotates and is cooled 
to a certain temperature. The processed metallic mate- 
rial 302 is carried out from the cooling tub 3. 
[0084] The liquid metal sodium 4 is inhaled by the in- 
halant tube 7 and is guided to the liquid metal sodium 
cooler 8 to be cooled. After that, impurities in the liquid 



metal sodium 4 are removed by the impurity remover 9. 
Then, the liquid metal sodium 4 is pressurized by the 
circulating pump 1 0 and is sprayed by the spray nozzles 
5a and 5b. 

$ [0085] According to this embodiment, the molten me- 
tallic material 302 is supplied onto the cooling roller 304, 
and the liquid metal sodium 4 is sprayed directly to both 
surface of the metallic material 302 on the cooling roller 
304. Therefore, any vapor film, that deteriorates cooling 
10 performance of the metallic material 302, is not formed 
on the metallic material 302. Further, any scale on the 
metallic material 302 is also avoided so that chemicals 
for removing such scale are reduced. 
[0086] Moreover, amorphous metal can be formed 
continuously to thicker plates and to wires that are hard- 
ly obtained by using conventional methods, and amor- 
phous metal having minuter structure can be formed 
continuously. 

[0087] As a modification to this embodiment, another 
rolling process that rolls solidified metallic material 305 
can be employed in order to control and arrange struc- 
ture and thickness of the metallic material 305. 
[0088] According to this modification, the crystal par- 
ticles in the solidified metallic material can be minute 
physically. Moreover, by applying strain energy to the 
metallic material, the number of crystal nuclei can be 
increased, thereby providing products having predeter- 
mined thickness and sizes as well as having minuter 
crystal particles and structure. 

(Fifth Embodiment) 

[0089] A processing apparatus for metallic materials 
according to a fifth embodiment is explained. In this em- 
bodiment, the molten metallic material is soaked in the 
liquid metal sodium so that the metallic material is rap- 
idly cooled to be solidified in order to form amorphous 
metal. That is, to make reference to Fig. 7, the fifth em- 
bodiment is identical to the case that the molten metallic 
material 302 in the melting pot 301 is directly soaked 
into the liquid metal sodium 4 without contacting the 
cooling roller 305. 

[0090] The direct contact of the molten metallic mate- 
rial with the liquid metal sodium is done by supplying the 
molten metallic material to the tub filled with liquid metal 
sodium, as stated above, or the liquid metal sodium is 
sprayed directly to the molten metallic material. 
[0091] According to this embodiment, the liquid metal 
sodium is used to cool the metallic material. Therefore, 
any vapor film, that deteriorates cooling performance of 
the metallic material, is not formed on the metallic ma- 
terial. Further, any scale on the metallic material is also 
avoided so that chemicals for removing such scale are 
reduced. Similar to the fourth embodiment, this embod- 
iment allows to form amorphous metal having minuter 
structure continuously. 

[0092] As described above in detail, the present in- 
vention makes it possible to provide a metallic material 
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having minute crystal particles and structure, by con- 
tacting a liquid metal sodium to the metallic material hav- 
ing temperature equal to or higher than its modification 
point so as to cool the metallic material down to temper- 
ature lower than the modification point rapidly. 
[0093] The present invention also makes it possible 
to provide an amorphous metal, by contacting liquid 
metal sodium to the metallic material so as to cool and 
solidify the metallic material rapidly. 
[0094] The foregoing discussion discloses and de- 
scribes merely a number of exemplary embodiments of 
the present invention. As will be understood by those 
skilled in the art, the present invention maybe embodied 
in other specific forms without departing from the spirit 
or essential characteristics thereof. Accordingly, the dis- 
closure of the present invention is intended to be illus- 
trative, but not limiting, of the scope of the invention, 
which is set forth in the following claims. Thus, the 
present invention may be embodied in various ways 
within the scope of the spirit of the invention. 
[0095] The entire contents of Japanese Patent Appli- 
cation H1 1 -1 56827, filed June 03, 1 999, are incorporat- 
ed herein by reference. 



Claims 

1. A processing apparatus for forming a metallic ma- 
terial, comprising: 

a metallic material heater that heats the metal- 
lic material to equal to or higher than the mod- 
ification point thereof; and 
a liquid metal sodium supplier that cools the 
metallic material processed by the metallic ma- 
terial heater to lower than the modification 
point, by contacting a liquid metal sodium onto 
the metallic material, 

wherein the liquid metal sodium flows in the 
same direction as the metallic material. 

2. The processing apparatus according to claim 1 , fur- 
ther comprising 

a cooling tub that stores the liquid metal sodium 
and soaks the metallic material processed by 
the liquid metal sodium supplier therein so as 
to cool the metallic material, and 
a liquid metal sodium circulator that circulates 
the liquid metal sodium in the cooling tub. 

3. The processing apparatus according to claim 2, fur- 
ther comprising an inert gas spray that sprays inert 
gas onto the metallic material processed by the 
cooling tub to remove liquid metal sodium on the 
metallic material. 

4. The processing apparatus according to claim 1, 



wherein the liquid metal sodium is isolated in a 
space filled with an inert gas. 

5. The processing apparatus according to claim 2, 
s wherein the liquid metal sodium supplied from the 

liquid metal sodium supplier collects in the cooling 
tub. 

6. The processing apparatus according to claim 2, 
10 wherein the liquid metal sodium circulator further 

comprises 

an inhalant tube that inhales the liquid metal so- 
dium from a portion adjacent to where the me- 
is tallic materia! is pulled out from the cooling tub, 

an impurity remover that removes impurities 
from the liquid metal sodium inhaled by the in- 
halant tube, 

a liquid metal sodium cooler that cools the liquid 
20 metal sodium from which the impurities are re- 

moved, and 

an exhaust tube that returns a cooled liquid 
metal sodium to the liquid metal sodium suppli- 
er. 

25 

7. The processing apparatus according to claim 1 , 
wherein the metallic material heater includes a 
heating tub that soaks the metallic materials so as 
to heat the metallic material. 

30 

8. The processing apparatus according to claim 1, 
wherein the metallic material heater includes a 
melting pot that stores the metallic material in mol- 
ten condition, and the molten metallic material flows 

35 onto a cooling roller that can be rotated, and the liq- 
uid metal sodium supplier supplies the liquid metal 
sodium to the molten metallic material on the cool- 
ing roller. 

40 9. The processing apparatus according to claim 8, 
wherein the metallic material thus processed is an 
amorphous metal. 

10. The processing apparatus according to claim 1 , fur- 
45 ther comprising a roller, disposed upstream of the 
metallic material heater or downstream of the liquid 
metal sodium supplier, for rolling the metallic mate- 
rial. 

50 11. Amethodfor processing metallic material, compris- 
ing the steps of: 

heating a metallic material to equal to or higher 
than the modification point thereof; and 
55 cooling the heated metallic material to lower 

than the modification point, by contacting a liq- 
uid metal sodium onto the metallic material, 
wherein the liquid metal sodium flows in the 
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same direction as the metallic material. 

12. The method according to claim 11 , further compris- 
ing the steps of 

5 

soaking the cooled metallic material in a cooling 
tub that stores the liquid metal so as to cool the 
metallic material, and 

circulating the liquid metal sodium in the cool- 
ing tub. 10 

1 3. The method according to claim 1 2, further compris- 
ing spraying an inert gas onto the metallic material 
processed by the soaking step in order to remove 
liquid metal sodium on the metallic material. is 

14. The method according to claim 11 , wherein the liq- 
uid metal sodium is isolated in a space filled with an 
inert gas. 

20 

1 5. The method according to claim 1 1 , wherein the cool- 
ing tub is constituted so that the liquid metal sodium 
supplied by the cooling step is collected to the cool- 
ing tub. 

2S 

16. The method according to claim 1 2, wherein the cir- 
culating step further comprises 

inhaling the liquid metal sodium from a portion 
adjacent to where the metallic material is pulled 30 
out from the cooling tub, 
removing impurities from the liquid metal sodi- 
um processed by the inhaling step, and 
cooling the liquid metal sodium processed by 
the removing step in order to supply a cooled 35 
liquid metal sodium in the metallic material 
cooling step. 



1 7. The method according to claim 1 1 , wherein the me- 
tallic material heating step includes soaking the me- 40 
tallic materials in a heating tub so as to heat the me- 
tallic material. 



18. The method according to claim 11 , wherein a melt- 
ing pot that stores the metallic material in melting 45 
condition is employed in the heating step, and the 
molten metallic material flows onto a rotatable cool- 
ing roller, and the liquid metal sodium is supplied to 

the molten metallic material on the cooling roller in 
the cooling step. so 

19. The method according to claim 18, wherein the me- 
tallic material thus processed is an amorphous met- 
al. 

55 

20. The method according to claim 1 2, further compris- 
ing rolling, prior to heating or after cooling, the me- 
tallic material. 
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uid metal sodium (4) so that the liquid metal sodium (4) 
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